This paper measures social media activities of 15 broad scientific disciplines indexed in Scopus database using Altmetric.com data. First, the presence of Altmetric.com data in Scopus database is investigated, overall and across disciplines. Second, a zerotruncated negative binomial model is used to determine the association of various factors with increasing or decreasing citations. Lastly, the effectiveness of altmetric indices to identify publications with high citation impact is comprehensively evaluated by deploying area under the curve (AUC)-an application of receiver operating characteristic. Results indicate a rapid increase in the presence of Altmetric.com data in Scopus database from 10.19% in 2011 to 20.46% in 2015. It was found that Blog count was the most important factor in the field of Health Professions and Nursing as it increased the number of citations by 38.6%, followed by Twitter count increasing the number of citations by 8% in the field of Physics and Astronomy. The results of receiver operating characteristic show that altmetric indices can be a good indicator to discriminate highly cited publications, with an encouragingly AUC = 0.725 between highly cited publications and total altmetric count. Overall, findings suggest that altmetrics can be used to distinguish highly cited publications. The implications of this research are significant in many different directions. Firstly, they set the basis for a further investigation of altmetrics efficiency to predict publications impact and most significantly promote new insights for the measurement of research outcome dissemination over social media.
Introduction
Online social media applications have attracted a tremendous number of users by providing them with a unique context in which to interact with like-minded people (Priem and Hemminger 2010; Wouters and Costas 2012) . Social media networks afford users the ability to share ideas and receive an immediate response to their sharing activities. Due to its rapid response capabilities, social media applications have attracted the attention of the scientific community, who, parallel to traditional (i.e. bibliometrics) forms of scholarly communication, are now using these online contexts to disseminate research in their daily scholarly practices .
In 2010, the term altmetrics was proposed as another form of collecting article level metrics in a manner that would allow for more timely measurements of interest in scholarly documents and as a means to filter the vast amount of information being disseminated online . Since the introduction of the term altmetrics to the Scientometrics community, scholars have been exploring the possible analytics that this online activity can offer and the impact it may have on the diverse communities within and outside the academic community including clinicians, practitioners, and the general public (see Sugimoto et al. (2017) for an extended review of altmetrics literature).
To be specific, altmetric data is used to track the use of scientific research in a variety of online platforms including, but not limited to, news sites, social media platforms, blogs, video sites, and reference management tools. In this way, altmetrics analyzes the real-time sharing of scientific documents based on various online actions, which can include comments, discussions, likes, shares, and bookmarks. (Zahedi et al. 2014) . Social media applications have noticeably impacted scholarly communication behaviors and expectations. Scholars may discuss and share their work on Twitter using a hashtag to signal that their work is relevant for a specific audience. Similarly, Facebook (Ringelhan et al. 2015) and Google? can be utilized to share scholarly information within and outside of a user's immediate social network. Scholars are using social reference managers, such as Mendeley or Zotero, to organize academic references and share document metadata and tags. In addition, CiteULike and Pinterest has been used to bookmark, or pin, scholarly documents related to a user's discipline or interests (Haustein and Siebenlist 2011; Nielsen 2007 ). Among the altmetric platforms being analyzed by scholars, Mendeley has been shown to be of significant importance. Zahedi, et al. (2013) found that approximately 63% percent of overall metrics were linked with Mendeley readership, while other altmetric sources demonstrate a very marginal link. Furthermore, a very moderate correlation (r = 0.49) was detected between Mendeley readership count and citation indicators. These findings need to be taken into consideration in the design of an integrated research that links the social media enabled readership and citation indicators and vice versa. The relationship between readership over social media and citation indicators can work both ways.
According to , scholars strive to stay abreast of the most current research in their field. When using traditional citation measures, it may take several years to identify the most relevant research (as citations take time to accrue). The activity captured by altmetric researchers and data providers, however, allows for the analysis of acts in a more immediate manner (Brody et al. 2006) . Online acts allow one to filter out the more popular (as indicated by online activity) research as it is published. Altmetrics seems to measure a different type of research activity from citations and is gaining interest in various fields. Although research evaluation continues to be focused on citation-based metrics, the limitations of the technique are evident (Zahedi et al. 2014; Hassan and Gilani 2016) . Due to the limitations of citation and altmetrics evaluation techniques alone, a ''multi-metrics approach'' has been outlined that would analyze the research impact in broader aspects (Zahedi et al. 2013 ). According to Costas et al. (2015) , altmetrics scores can be utilized in identifying highly cited publications demonstrating higher-level accuracy as compared to journal citation scores, although the level of recall is very low.
In recent years, a number of studies have been conducted to analyze the relation between altmetrics and traditional citation based indices (Sugimoto et al. 2008; Priem et al. 2012; Bar-Ilan et al. 2012; Thelwall et al. 2013; Sud and Thelwall 2014; Haustein et al. 2014a, b; Yu 2017) . Among the notable studies, the work of Peoples et al. (2016) -on 1599 publications in the field of ecology-highlights that Twitter activity is more significant than the 5-year journal impact factor in predicting citations. Interestingly, they also report that Twitter activity is not necessary driven by a journal's impact factor, as the journals with a higher impact factor are not always the most popular ones when it comes to associated online Twitter activity. Another important study of documents published in Nature, which was based on Twitter and Facebook counts, demonstrates that Twitter users show high activity compared to Facebook; moreover, Nature publications have higher and faster-growing impact on Twitter than on Facebook (Xia et al. 2016) . Similarly, findings reported by Eysenbach (2011) found that social media activity increases citations. More specifically, Tweets can predict highly cited publications within the first three days of publication. In contrast to the studies that stressed the power Twitter to predict citation counts, de Winter (2015) argued that the scientific citation counts are independent of Twitter. A detailed analysis of 27,856 articles published in PLOS ONE found that the tweet counts were weakly associated with citations counts and even weakly negatively associated with citations, provided the number of article views were held constant. These types of investigation provide additional insights to the under-research study phenomenon. The analysis of impact of social media contributions, should be an on-going constructive process of putting together the creators and the users of new scientific knowledge. This connection automatically promotes the significance and the impact of our research study, because of the exhaustive comparison of available social media big data in the long term.
Much of the previous work demonstrates a weak-to-high correlation between the various metrics, depending upon their dataset coverage, and authors have suggested that the researchers should conduct larger-scale studies to merge quantitative and qualitative approaches. One of the most comprehensive studies to date, by Costas et al. (2015) , covers 75,569 publications indexed in the Web of Science (WoS), which supplemented the WoS data with metrics provided by Altmetric.com (http://www.altmetric.com/). Altmetric.com is a commercial tool that collects altmetric-related indices around scientific publications from online platforms including Twitter, blogs, Google?, Facebook, and various news outlets (Adie and Roe 2013) .
The previous critical discussion of literature review, sets a very challenging context for a systematic, exhaustive analysis of altmetrics through social media analysis and mining. The rationale of such scientific research is multidimensional. If the direct linkage of altmetrics and citations enhancement is evident then the next question is what makes this process more effective, and how knowledge creators and user can capitalize value on this.
In this paper, a full-scale comparison of altmetric indices with selected known traditional bibliometric indices is undertaken by using more than 1.1 million publications indexed in Scopus during 2011-2015 and relevant altmetric information from Altmetric.com (version dateset-jun-4-2016.tar.gz) . This study is similar to the works of Didegah et al. (2017) , Costas et al. (2015) and Haustein et al. (2014a) , which was undertaken using WoS data and a combination of WoS data and PubMed data, respectively. This work complements their findings by examining scientific literature retrieved from the Scopus database. Based on a review of the relevant literature, this work represents one of the largest studies seeking to measure the social media activity of scientific literature in relation to bibliometric indices. The objectives of this study are to investigate the following aspects:
1. What is the presence of Altmetric.com data in Scopus database overall and across the disciplines? 2. Which, and to what extent, bibliometric and altmetric factors associate with number of citations to publications? 3. Can altmetric scores discriminate publications with a higher citation impact? 4. Which altmetric indicator represents the most significant means to discriminate highly cited publications?
Data and methodology
Altmetric.com shared their dataset with the authors on June 14, 2016 (version dateset-jun-4-2016.tar.gz 1 ). Each article in the dataset contains information from various streams of activities associated with it from various online platforms and can be uniquely identified through an altmetric identifier. This version of altmetric data consists of 4.5 million JSON files, with each file representing a single publication. Since Altmetric.com started data collection beginning in the second half of 2011, publications from July 2011 through June 2016 contain altmetric data. Using this data, the authors obtained 1.7 million unique publications with a reported publication date between July 2011 and December 2015 that exists both in Altmetric.com and the Scopus database. Furthermore, using the Scopus Application Programming Interface (API), cross matching is performed based on Digital Object Identifier (DOIs), when available, and publication titles, when DOI is not available. Because the Altmetric.com data only provides altmetric web-based related indices, citation counts were collected for all 1.7 million publications using the Scopus API. Based on this cross-matching, the final dataset consisted of 1104,275 publications that have at least one citation count and at least one captured social activity. The total number of documents published in Scopus between 2011 and 2015 totals 10,402,564, which was too large to analyze and model in the current study. Hence, a threshold was set in which a document had to contain at least one citation and one Altmetric.com captured event; this was necessary to apply in order to limit the Scopus dataset into a manageable collection for analyses. The citation window for each publication is from the reported time of publication to February 2017. This gives more than a year time window to the publications published in 2015. Using this final dataset, the objectives of this study can be met.
For cross disciplinary analysis, the All Science Journals Classification (ASJC) subject categories were employed; ASJC is a subject classification scheme employed by Scopus to index source titles in a structured hierarchy of disciplines and sub-disciplines. Similar to the work of Haddawy et al. (2017) , the top-level 27 ASJC disciplines were merged into 15 disciplines by combining ''Agricultural and Biological Sciences'' and ''Veterinary'' into ''Agricultural, Biological Sciences and Veterinary'', ''Business Management and Accounting'', ''Decision Sciences'' and ''Economics, Econometrics and Finance'' into ''Economics, Business and Decision Sciences'', ''Chemical Engineering'', ''Energy'' and ''Engineering'' into ''Engineering'', ''Health professions'' and ''Nursing'' into ''Health Professions and Nursing'', ''Immunology and Microbiology'', ''Neuroscience'' and ''Pharmacology, Toxicology and Pharmaceutics'' into ''Other Life and Health Sciences'', and ''Social Science'' and ''Psychology'' into ''Social Science''. This reduced mapping allowed for normalization of the effect of source titles that are indexed across multiple toplevel ASJC disciplines. For simplicity, no fractionalized counting schemes were used for publications, citations, or altmetric indicators. The ''Multidisciplinary'' category of ASJC was not used in this work due to the presence of source titles like Science, Nature, and Proceedings of National Academy of Science (PNAS).
Dependent and independent variables
The number of citations an article received is the dependent variable and the independent variables are two types of bibliometric factors and altmetric factors as follows:
• Bibliometric factors
• Field: To run the zero-truncated negative binomial model, first a model was run for all documents in all 15 Scopus fields. Hence, the field was entered into the model as a categorical variable. In order to make the model interpretation for this variable easier, the 15 fields were mapped into 4 broader categories, coded from 1 to 4 and entered into the model. The field mapping and codes assigned to each broad category is shown in the Table 1 . • Source Normalized Impact per Paper (SNIP): The SNIP 2 measures the impact of source titles by normalizing the citation potential in the field (Waltman et al. 2013 ). • Document type: Documents retrieved from Scopus are in four different types including articles, letters, reviews, and non-citable documents. The majority of documents in all fields are article type. This variable was entered into the regression model as a categorical variable. So, the document types were coded as shown in Table 2 . • Collaboration type: Publications were categorized into three types of collaboration including individual, institutional, and international collaboration. Publications written by two or more authors from the same institution are considered as individual type of collaboration. Publications published in collaboration between two or more institutions are categorized into institutional collaboration, and finally, articles published in collaboration between two or more countries are categorized into international collaboration. This variable was entered into the model as a categorical variable and coded as shown in Table 3 . • Number of references: number of references listed in the reference list of each article was measured as a factor of citation.
• Altmetric factors
• Tweet score (TS): the number of times a publication is tweeted or retweeted.
• Facebook score (FS): the number of times a publication has been mentioned on Facebook wall. • Blog score (BS): the number of times a publication has been discussed in blogs.
• Google? score (GS): the number of times a publication has been discussed by Google? users. • News Score (NS): the number of times a publication has been discussed in news outlets and magazines. 
Statistical procedures
To measure the association between citation counts and bibliometric and altmetric factors, a regression model is required. Count regression models are the best fit to the data since the dependent variable (number of citations) is a count data type. Citation data is very skewed and over-dispersed, so a standard negative binomial model is needed as it can deal with the over-dispersion. However, since the data is zero-truncated (publications with at least one citation and one altmetric count are considered), a zero-truncated negative binomial model is tested using STATA v.14.
Using advanced regression models such as a zero-truncated negative binomial model is preferred to simple correlation tests as the advanced model allows for the simultaneously examination of the association between a number of factors on citation counts, while a correlation test measures the influence of each factor on the number of citations to publications separately (Didegah et al. 2017) . As noted by Thelwall et al. (2013) , correlation tests alone-may not be appropriate for altmetric studies as the various platforms have different levels of activity and newer publications tend to receive higher altmetric scores. The advanced model goes further than simple correlation results and calculates the percentage of increase or decrease in the citation counts for a unit change in each factor.
Collinearity issue
The zero truncated NB model's default is to remove collinear variables. So, those variables that are highly correlated will be removed from the model automatically. No collinearity was observed for our sample, so no variable was removed from the model. Moreover, to make sure that there is no collinearity between the variables and the model we also calculated the Variance Inflation Factor (VIF), which is a popular metric to diagnose multicollinearity and demonstrates the proportion of variance that a predictor variable shares with other predictors in the model. There are different rules of thumb that one can use including 4, 10, 20, and over, based on which VIFs over 4, 10, 20, or more are said to show severe multicollinearity. With respect to the rule of thumb of 4, when the VIF of an independent variable exceeds 4, the rule of thumb casts doubts on the results of the regression model for that independent variable. The VIF result for our sample showed no severe collinearity between the factors (See ''Appendix A'', Table 11 ).
Results and discussion
This section presents the main findings of the study. First, the general presence of Almetric.com data relating to publications from the Scopus database is examined. This is then followed by a discussion regarding the correlation between traditional bibliometricbased indices and web-based altmetric indices.
What is the presence of Altmetric.com data in Scopus database overall and across the disciplines?
This section discusses the presence of altmetric indicators in our dataset of 1104,275 publications and describes the distribution of altmetric indicators across disciplines.
Of the total Scopus database, 5.81% is covered by Altmetrtic.com during 1971-2015. Figure 1 clearly demonstrates that the coverage of Altmetric.com's data in relation to the Scopus database has increased rapidly in recent years, particularly during 2011-2015.
The general presence of Altmetric.com data from publications indexed in Scopus is 10.29% in 2011 and reaches its peak in 2015 with 20.46%. As might be expected, documents with a reported publication date between 2011 and 2015 have greater social activity as compared to previous years. In comparison, Haustein et al. (2014a) found that less than 10% of the 1.4 million biomedical papers indexed by PubMed and WoS were tweeted; they also found a variation by time, with papers from 2012 receiving more tweets than those from 2010. Table 4 displays publications having received activity in online contexts; Twitter received the most activity (91.14%), followed by Facebook (22.26%), Blogs (9.18%), News (8.39%), and Google?, which demonstrated the least (3.96%). The data indicates that most of the captured activity surrounding scholarly documents occurred on Twitter, which can be regarded as the most active medium of this type of activity. Other platforms generate nominal activity with regards to scholarly documents. This is similar to the findings presented by Thelwall et al. (2013) , who found that coverage in all altmetrics were relatively low, except for Twitter.
Furthermore, Table 5 The overall trend indicates that the presences of publications from the Medical and Social Sciences in Altmetric.com data found in Scopus data is greater than all other disciplines and received a greater percentage of social media attention. Table 6 represents the total number of documents present in both Altmetric.com and Scopus data and identifies mean altmetric scores and mean citations, which are categorized by discipline. The Medicine and Medical Sciences discipline was found to have more scholarly citations and a higher altmetric count than all others. Interestingly, Health Professions and Nursing shows the highest value of citation score per publication (11.1). The pattern depicted by Table 4 continues in Table 6 , indicating that Twitter remains the highest social score generator across disciplines, followed by Facebook. The fields related to health, biology, agriculture, and social sciences receive greater online activity than the others, which may be indicative of greater public interest in the topics. It may also reflect differences in the ways that scholars use online environments to share and discuss science across disciplines, just as Holmberg and Thelwall (2014) found that there were clear disciplinary differences in the ways scholars used Twitter. Table 7 represents the number of publications, their mean and standard deviation (SD), Blog score (BS), Facebook score (FS), Google? score (GS), News score (NS), Twitter score (TS), mean of altmetric counts (Ac), average citation count (Cc), and ASNIP with respect to active altmetric indicators. The table illustrates that as the number of altmetric indicators received by publications increases, so does their average altmetric count, average citation counts, and ASNIP. It is important to realize that the number of publications naturally decreases with the increase of active altmetric indicators, since not all social platforms actively discuss all publications. It was also found that few publications receive both high altmetric counts and scholarly citations.
Which, and to what extent, bibliometric and altmetric factors associate with number of citations to publications?
A zero-truncated negative binomial model was run including documents from all the 15 subject fields (a total model); field type was considered as an independent variable in the model. Separate individual models were also run for each of the 15 fields, but quite similar results were found across the different fields. The results of the total model are presented in Table 8 . In order to show small differences between the results from the individual models and the total model, the percentage change in the citation counts for each factor in each of the 15 fields is shown in Table 9 .
The results of the zero-truncated NB model indicate that all factors are significantly associated with increased or decreased citation counts except for Google? count, which is an insignificant factor. Among the bibliometric factors, document type is most strongly associated with increased citations showing that reviews receive 20.9% higher citations than the letters, articles, and non-citation documents. Type of collaboration is also a significant determinant of citations. The positive association illustrates that international collaboration type publications receive more citations than publications with individual and institutional types of collaboration. The results found that publications with international collaboration receive approximately 14% more citations that other publications. International collaboration was also an important factor for citations as reported in previous works (Didegah and Thelwall 2013) . International collaboration is the widest type of collaboration through which authors from different institutions and different countries get involved in research. This wide type of collaboration increases the chance of publication visibility globally, which may result in more citations later. Field type is also an important factor for citations and publications from Medicine are likely to receive 7.5 citations than the publications in other fields. Journal prestige, as measured by SNIP, is another significant factor. A unit change in the SNIP increases the number of citations by 6.5%. Journal impact, typically measured by the Journal Impact Factor, was also found to be a very (Didegah and Thelwall 2013; Boyack and Klavans 2005) . Finally, the number of references significantly associates with increased citation counts. However, the extent to which this factor associates with the number of citations is very weak; the number of citations increases by only 0.1% for one more reference in the reference list. Among altmetric indicators, Blog count is more strongly contributing to increased citations. According to the results, one more blog post discussing a publication increases the chance of more citations by 4.7%. Facebook posts also significantly, but weakly, contribute to increased citations, while Twitter counts and News counts weakly associate with decreased citations (Table 8) .
A summary of the results across different fields is presented in Table 9 . As shown, the results are quite similar across fields, although the percentage change in the citation counts for a unit change in each factor may be different in different fields. The factors had the strongest association with citation counts in Health Professions and Nursing with number of references increasing number of citations by 0.9%, news postings by 3.4%, and blog postings by 36.8%. The field of Chemistry demonstrates the most negative associations between the factors and citation counts. For example, collaboration type contributes to 1.7% decrease in citation counts indicating that international collaboration is not an important factor for increasing citations. News posts and Google? posts also contribute to decreased citations in Chemistry. Can altmetric scores discriminate publications with a higher citation impact?
This section presents the discussion on altmetric scores through discriminating the HC (high citation) 1% papers and utilizing a receiver operating characteristic (ROC) curve. The ROC is a graphical plot that illustrates the performance of a binary classifier system as its discrimination threshold is varied. The curve is created by plotting the true positive rate (TPR) against the false positive rate (FPR) at various threshold settings. The behavior of SNIP and scholarly citations is examined to discriminate the top 1% highly-cited publications. Figure 2 shows the area under the curve for SNIP and total altmetric counts to discriminate HC 1% publications. Since SNIP is a citation based indicator, it is natural to achieve a very promising area under the curve (AUC = 0.871). Interestingly, the results demonstrate an encouraging area under the curve (AUC = 0.725) for total altmetric counts as well. These results indicate that total altmetric counts could be used as a notable indicator to discriminate highly cited publications.
Further, the ROC curve is presented across disciplines (see Table 10 ). It was determined that the Medicine and Medical Science (AUC = 0.736), Physics and Astronomy (AUC = 0.726), and Other Life and Health Sciences (AUC = 0.719) demonstrate very encouraging results, with all disciplines exhibiting at least 0.7 areas under the curve. Interestingly, Computer Science shows an even higher area under the curve for total altmetric counts as compared to SNIP. These results indicate that total altmetric counts are an even better indicator of discriminating highly cited papers as compared to SNIP for the Which altmetric indicator is most significant to discriminate highly cited publications?
This section presents the discussion on the ability of altmetric indicators to discriminate highly cited publications. The ROC curves of the top five altmetric indicators are presented for the HC 1% papers, with the goal to measure which indicator best distinguishes highly cited papers (see Fig. 3 ). It was found that Blog scores outperform all other indicators, followed by the Twitter score, suggesting that Blog posts and Twitter posts are the most active mediums used to communicate and share publications, especially in the case of highly cited papers. This is demonstrated by the observation that all highly cited papers were discussed in Blog posts in the dataset. The importance of blogs for increasing citation counts was reported earlier by Shema et al. (2014) .
Concluding remarks
In this paper, the authors have examined the online activity of scholarly publications across all broader scientific disciplines indexed in the Scopus database and captured by Altmetric.com. It was found that there is a rapid increase in the coverage of Altmetric.com data present in the Scopus database, with 20.46% increase in 2015 from 10.19% in 2011. This is similar to previous research (Haustein et al. 2014a) , which also showed an increase in captured Altmetric events across time. The results have also shown that Twitter has the most significant impact among social indicators (with 91.14% presence), followed by Facebook (with 22.26%). Again, this is similar to previous research that has shown Twitter to be the most active social media platform for sharing scientific works.
Overall the results show that altmetric indices could be a useful indicator to differentiate publications with high citation impact. With regards to different ASJC disciplines, results found that research in health, biology, agriculture, and social sciences receive higher amounts of activity, which may be indicative of greater public interest in these topics. The Medicine and Medical Sciences received more citations and higher total altmetric counts scores than all others; the highest number of citations was found in the field of Health Professions and Nursing. A higher altmetric activity around publications may be reflective of a greater public interest in these publications compared to the other publications in the field.
Of particular interest was that all highly-cited papers were discussed in blog posts in the dataset analyzed. It was also found that Blog count is very strongly contributing to an increase in citation counts. These two results demonstrate the importance of monitoring blog posts discussing scholarly publications; researchers can utilize blog posts as filters to determine the most impactful documents across various fields. This speaks to one of the potential benefits of monitoring online activity relating to scholarly documents as discussed originally by . Overall, the findings support the idea that altmetrics could be used to better distinguish highly cited publications. However, additional research is required to reveal the semantic understanding of altmetric indices for research evaluation (Liu and Fang 2017) .
Finally, there were some limitations with the data used in this study. Altmetric.com primarily captures publications having a DOI, therefore not all the publications indexed in Scopus have been associated with activity in social media contexts. Another limitation was the presence of corrupt DOIs in Altmetric.com dataset, which could not be matched with Scopus. This study has several implications also for the future. A key direction of research is related to the systematic understanding of blog count in relevance to the associated impact of each different blog. It will be influential to scientifically understand how significant peers in social media networking can have an additional impact on altmetrics hermeneutic capacity of highly cited publications. A second direction of future research is related to the semantic annotation and understanding of social media enabled altmetrics. The semantic analysis with advanced publication ontologies, of annotated texts related to dissemination of scientific publications can provide additional insights to the phenomenon. A third dimension of future research is related to the investigation dissemination patterns over social media of highly cited publications and their influence to various scientific communities. 
